I. INTRODUCTION
Among properties of periodic sequences [1] , [8] , the linear complexity [5] , [6] , [20] , [24] , balance, and correlation properties are important for the application of stream ciphers and code-division multiple-access (CDMA) communication systems [22] . A binary sequence is said to have the balance property if the difference between the number of 1's and 0's in a period of the sequence is at most one. Let s(t) be a binary sequence of period n. The autocorrelation function of a binary sequence of period n is defined as R() = n01 t=0 ( 
01) s(t)+s(t+ ) :
A sequence is defined to have ideal autocorrelation if R() = n; if = 0 mod n 01; otherwise.
A lot of attention [7] , [8] , [17] , [19] has been devoted to binary sequences of period Let p be a prime and m be a positive integer. Let F p be the finite field with p m elements and F 3 p = F p nf0g. Let S be a nonempty subset of F 3 p and a primitive element of Fp . Then the characteristic sequence of period p m 0 1 of the set S is defined as [9] s(t) = otherwise.
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S. 
Helleseth and Yang [9] described LCE sequences by using the indicator function and the quadratic character given by
where the indicator function I(x) = 1 if x = 0 and I(x) = 0 otherwise.
Helleseth and Yang [9] studied the linear complexity over F2 of LCE sequences. Even though LCE sequences are binary sequences, they are constructed based on the finite field F p and, thus, it is more natural to find the linear complexity over Fp for LCE sequences. The trace representation of sequences is useful for implementing the generator of sequences and analyzing their properties [6] , [11] , [18] . Thus, it is of great interest to represent LCE sequences by using the trace functions.
In this correspondence, the linear complexity over (4) and its inverse Fourier transform as
where is a primitive element of F p and A i 2 F p .
Using the Fourier transform of the sequences, we first find an expression for A 0i , 0 i n 01 of LCE sequences as in the following lemma. 
As z varies over Fp , z 2 takes all the quadratic residues in Fp exactly twice and the zero element once. Similarly, z 2 takes all the quadratic nonresidues in Fp as values exactly twice and the zero element once.
It is clear that all the quadratic residues and nonresidues together with the element 0 cover all elements in F p .
Using the definition of the quadratic character (1) in (2), (9) It is already known from Blahut's theorem [3] , [4] that the linear complexity of periodic sequences can be determined by computing the Hamming weight of their Fourier transform. Thus, we need to determine the cardinality of the set fij A 0i 6 = 0; 0 i n 0 1g, which is calculated from (7). We have proved the following result. 
where the ia's are coefficients in the p-adic expansion a iap a of i. Then the linear complexity over F p of the LCE sequence of period n = p m 0 1 defined in (3) equals Lp = n 0 C: (12) To demonstrate this technique, we will calculate the linear com- Using the result of Theorem 2, the linear complexity over F 3 of LCE sequences of period n = 3 m 0 1 is derived in the following theorem. 
Thus, all the i a 's in the 3-adic expansion of i should be 1 or 2.
The number of solutions of this system is 2 m01 since selecting i 0 ; i 1 ; . . . ; i m02 uniquely determines i m01 . However, even though it satisfies (13), the solution corresponding to i0 = i1 = 1 11 = im02 = 2 must be excluded since it corresponds to i = 3 m 01. We conclude that C = 2 m01 01 and the linear complexity over F3 of the LCE sequence of period 3 where bdc is the largest integer less than or equal to d. In order to satisfy (14) , all the i a 's are larger than or equal to 2 for if m is odd.
Proof: Using the relation Let us consider three cases as follows.
It is clear that all integers corresponding to the cyclic shift of vector

A. Trace Representation of LCE Sequences of Period
Case 1: A0i = Aj = 0:
We have to find all j = n 0 i, 1 j 3 m 0 2 such that A 0i = 0 in (19), which is rewritten as 
A necessary condition for (20) is that the ia's in the 3-adic expansion a i a 3 a of i only take the values 1 or 2, which means that the j a 's only take the values 0 or 1. Since 2 = 01 mod 3 and 2 2 = 1 mod 3, the number of occurrences i a = 2, 0 a m 0 1 in the 3-adic expansion of i satisfying (20) should be odd for odd m and even for even m and, thus, the number of occurrences ia = 1 should be even for any integer m. Therefore, the number of occurrences of 1 in the list of j a ; 0 a m 0 1 should be even for any integer m and, thus, j is even. Therefore, the coset leader of j such that Aj = 0 belongs to the set I e 1 , where j = 0 is excluded. Case 2: A0i = Aj = 1:
In this case, we have to find all j = n 0 i; 1 j 3 m 0 2 such that A j = 1 in (19). The following two subcases are considered. i) Case of i = even integer (i.e., j = even integer):
We can rewrite (19) as 
where all ia's in the 3-adic expansion of i have to take the values 1 or 2.
The number of occurrences i a = 2 in the 3-adic expansion of i should be odd for even m and even for odd m, which means that the number of occurrences ia = 1, 0 a m 0 1 in the 3-adic expansion of i should be odd for any integer m. Therefore, all j a 's only take the value 0 or 1 and the number of occurrences of j a = 1 in the 3-adic expansion of j should be odd for any integer m, which means that j is odd. This contradicts the assumption that j is an even integer. Therefore, there is no even integer j which makes A j = 1. ii) Case of i = odd integer (i.e., j = odd integer):
Equation (19) can be written as a ia = 0 mod 3:
Equation (22) means that at least one of ia's in the 3-adic expansion of i has to take the value 0, which means that at least one of j a 's in the 3-adic expansion of j has to take the value 2. Therefore, the coset leader of j belongs to the set I o nI o 1 .
Case 3:
A 0i = A j = 2:
In this case, all j = n 0 i, 1 where is a primitive element of F 3 . I e : Set of even coset leaders including I e 0 and I o 2 .
B. Trace Representation of LCE Sequences of Period
Using the preceding notation, the trace representation of LCE sequence of period 5 m 0 1 is given in the following theorem. 
Using (23), the theorem can be proved in the same manner as in the previous theorem.
For p = 5, the trace representation for LCE sequence of period 124
is given in the following example, where the trace function is defined in Theorem 8. The coset leaders for the set of cyclotomic cosets modulo where is a primitive element of F 5 .
